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Antibacterial and antimycotic activities
of Slovenian honeys
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Introduction
Since ancient times, honey has been used as an effective
topical antimicrobial agent for the treatment of burns and
other wounds.1,2 More recently, honey has regained its
importance as a natural remedy, 3–6 being particularly
appropriate for the treatment of chronic wounds infected
with antibiotic-resistant bacteria.7–9 Due to its antimicrobial
properties, honey is at present being more frequently used
also as a natural food-preserving agent,10–12 as well as for the
treatment of oral infections.13
Studies of the antimicrobial properties of honey have
shown that the antimicrobial activity of honey is not only
due to hydrogen peroxide, but also to non-peroxide
mechanisms of action such as its high sugar content, acidity,
and content of phenolics, 14–17 methylglyoxal18,19 and
oligopeptides (e.g., bee defensin-1).20,21 Hydrogen peroxide
activity is generated in diluted honey and contributes to
antimicrobial activity; therefore, it can be predicted by
hydrogen peroxide levels in the honey.22,23
The antimicrobial activity of honey varies greatly
according to its botanical and geographic origin and its
processing.17 The honey with antimicrobial properties that
has be studied most frequently is manuka honey, which is
derived from Leptospermum spp.4,24–26 Comparative studies
with different types of honey have revealed that manuka
honey, which has been tested against bacteria and fungi, is
the honey type with the highest antimicrobial activity.4,7,27,28
In contrast to honeys with well-studied antibacterial
properties, only a few other non-manuka types have been
tested for their antifungal activities, including different
floral-source samples of honey from Turkey,29,30 three samples
of South African honey (wasbessie, bluegum and fynbos),31,32
local honeys from Pakistan, 33 honey from Algeria, 34
rhododendron honey from Turkey,35 Omani36–38 and Iranian39
honey of floral origin. Only a narrow spectrum of fungal
species, including opportunistic pathogenic Candida spp.
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In the present study, Slovenian honey samples produced
from different floral sources are evaluated for their
antibacterial and antifungal properties. The peroxide
contribution to antibacterial activity is also determined.
Minimum inhibitory concentration (MIC) of the honeys
was assessed against four bacterial species (Escherichia coli,
Enterococcus faecalis, Pseudomonas aeruginosa and
Staphylococcus aureus) and against eight fungal species
(Aspergillus niger, Aureobasidium pullulans, Candida albicans,
Candida parapsilosis, Candida tropicalis, Cladosporium
cladosporioides, Penicillium chrysogenum and Rhodotorula
mucilaginosa). Honey at concentrations between 1% and
50% (v/v) were tested. Although all of the bacterial species
were inhibited by the different honey samples, the
chestnut and pasture honeys showed the highest
antibacterial activities. The antifungal activities were
concentration-dependent, with five (Aureobasidium
pullulans, Candida parapsilosis, Candida tropicalis,
Cladosporium cladosporioides, Rhodotorula mucilaginosa)
inhibited only at honey concentrations greater than 50%.
The fungi Aspergillus niger, Candida albicans and Penicillium
chrysogenum were not inhibited by any of the tested
honeys, even at the highest concentrations. The lowest
MICs seen were 2.5% (v/v) for the chestnut, fir and forest
honeys against Staphylococcus aureus, and 10.0% (v/v) for
the chestnut and pasture honeys against Cladosporium
cladosporioides. The non-peroxide action of chestnut honey
was tested against Escherichia coli. The MIC of the catalasetreated chestnut honey was 50% (v/v). The antibacterial
effect of Slovenian honeys is mostly due to peroxide action.
These data support the concept that Slovenian honeys are
effective antibacterials and antifungals, and can thus be
applied for medicinal purposes.
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and Trichosporon spp. that are resistant to conventional
chemotherapeutics have been tested.29,40–43
To date, no report has appeared on the antimicrobial
properties of honeys from the Slovenian geographical
region. Thus, this study aims to evaluate the antimicrobial
properties of Slovenian honeys derived from different floral
sources, using manuka honey as a reference. The focus is to
investigate their antimicrobial activities against four
clinically relevant bacterial species, and to determine their
antifungal activities against a broad spectrum of
opportunistic pathogenic fungal species. In addition, the
peroxide content of the honey is assessed, as peroxide
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Table 1. Minimum inhibitory concentration (MIC) of the Slovenian honeys and manuka honey (UMF 10) used in the present study.

MIC (%)
Acacia honey Chestnut honey

Fir honey

Forest honey

Lime honey

Pasture honey Manuka honey

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Escherichia coli

25.0

0.0

12.5

0.0

12.5

0.0

11.7

1.4

11.7

1.4

25.0

0.0

10.0

0.0

Enterococcus faecalis

10.0

0.0

10.0

0.0

10.0

0.0

10.0

0.0

16.7

7.2

50.0

0.0

12.5

0.0

Pseudomonas aeruginosa

8.3

2.9

5.0

0.0

10.0

0.0

6.7

2.9

10.0

0.0

10.0

0.0

12.5

0.0

Staphylococcus aureus

6. 7

2.9

2.5

0.0

2.5

0.0

2.5

0.0

5.0

0.0

5.0

0.0

5.0

0.0

Aspergillus niger

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

Aureobasidium pullulans

NA

NA

50.0

0.0

NA

NA

NA

NA

NA

NA

50.0

0.0

ND

ND

Candida albicans

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

Candida parapsilosis

NA

NA

50.0

0.0

NA

NA

NA

NA

NA

NA

50.0

0.0

ND

ND

50.0

0.0

50.0

0.0

50.0

0.0

50.0

0.0

50.0

0.0

NA

NA

ND

ND

Cladosporium cladosporioides 10.8

1.4

10.0

0.0

25.0

0.0

12.5

0.0

10.8

1.4

10.0

0.0

ND

ND

Penicillium chrysogenum

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

Rhodotorula mucilaginosa

50.0

0.0

50.0

0.0

NA

NA

50.0

0.0

50.0

0.0

NA

NA

ND

ND

Candida tropicalis

SD: standard deviation; NA: not active against tested microorganism; ND: not determined.

activity has an important contribution to the antimicrobial
action of honey.

Materials and methods
The honeys
Six honey samples used in this study were obtained from
commercial Slovenian producers or directly from local
beekeepers. The type of honey was determined in all samples
by means of sensory analysis44 and melissopalynology.45 A
botanical classification was considered to be achieved when
the pollen spectrum contained >90% of the corresponding
dominant pollen in chestnut and lime honey. Classification
by the sensory method was applied by at least three experts.
Honey samples were selected to represent a range of
different floral sources: pasture (mixed sources), chestnut
(Castanea sativa), forest (mixed sources), fir (Abies alba), lime
(Tilia platyphyllos) and acacia (Robinia pseudoacacia). The
measurement of hydroximethylfurfural was performed to
ensure that honey samples were not heated during
harvesting.
Antioxidant activity and colour of the honey samples were
previously reported in the study by Bertoncelj et al.46
Additionally, manuka honey (Comvita, UMF 10) was used
for comparison in the non-peroxide action assays. The
honey solutions used for the antimicrobial tests were
prepared by diluting honey with either NB liquid medium
(5.0 g NaCl, 8.0 g nutrient broth, to 1 L with distilled water;
Biolife, Italy) for the antibacterial activity, or malt extract
(ME; Biolife, Italy) liquid medium for the antimycotic
activity. The following honey concentrations were tested:
1.0%, 1.25%, 2.5%, 5.0%, 10.0%, 12.5%, 25% and 50% (v/v).
The microorganisms
The bacterial strains selected were Escherichia coli EXB S7,
Enterococcus faecalis EXB V53, Pseudomonas aeruginosa EXB
V28 and Staphylococcus aureus EXB V102, all of which were
originally isolated from infected chronic wounds. The fungal

strains selected were: Aspergillus niger EXF 311,
Aureobasidium pullulans EXF 3375, Candida albicans EXF 525,
Candida parapsilosis EXF 517, Candida tropicalis EXF 526,
Cladosporium cladosporioides EXF 2246, Penicillium
chrysogenum EXF 1784 and Rhodotorula mucilaginosa EXF
3790. The Candida albicans and Candida tropicalis originated
from human clinical material, while Candida tropicalis and
Penicillium chrysogenum were isolated from hypersaline
water. Aureobasidium pullulans was isolated from fruit, and
Rhodotorula mucilaginosa was isolated from a microbial mat in
saltpans; all are maintained in the Ex Culture Collection of
the Biotechnical Faculty, University of Ljubljana, Slovenia.
Assessment of antimicrobial activity
Assessment of the antimicrobial activity of the selected
honeys was followed by minimum inhibitory concentration
(MIC) determination.40 Bacterial cultures were grown in NB
liquid nutrient medium at 37˚C and diluted 1–2x105 cells/mL
for the final inoculum, and added to the test tubes
containing the different concentrations of honey. Owing to
the high density of the honey samples, absorbance
measurements of honey dilutions were made. For the
negative control, only NB liquid medium was used.
Following overnight incubation of the samples at 37˚C, the
MIC values were determined by measuring absorbance
(600 nm; Lambda Bio, Perkin Elmer, Waltham, USA).
Additionally, 0.1 mL each sample was spread on NB agar
plates. The resultant bacterial colonies were counted after
24-h incubation at 37˚C to confirm the antibacterial effect.
All fungal strains were maintained on ME medium (MEA)
slants. The yeasts were incubated for two days at 30˚C, while
the filamentous fungi were incubated at 30˚C for up to
seven days, or until sporulation was observed. Yeast cells
and spore suspensions were prepared directly from slants
using saline solution (0.9% NaCl). The number of fungal
cells was counted in a haemocytometer under light
microscopy (x400 magnification). The final inoculum
contained 1–2x105 cells/mL. All antimicrobial assays were
performed in triplicate for each honey concentration.
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Non-peroxide antibacterial activity of the Slovenian
honeys was determined and compared to manuka honey.
Catalase (Sigma Aldrich, 1000–2500 U/mL) was used to
degrade hydrogen peroxide by inoculation into test tubes
containing different dilutions of the honey samples and
incubated for 10 min. A glucose oxidase assay kit (Megazyme
International, Wicklow, Ireland) was used to test the
reduction in hydrogen peroxide (measurement taken 10 min
after addition of catalase). The catalase-treated honeys were
then tested for antibacterial activity against Escherichia coli, as
described above.

Results
Minimum inhibitory concentration of the Slovenian honey
samples and manuka honey are shown in Table 1.
Bacterial growth of all species tested was inhibited by the
Slovenian honeys. The most sensitive bacterial species was
Staphylococcus aureus, which was inhibited at an MIC of 2.5%
(v/v) by the chestnut, fir and forest honeys. The most
resistant bacterial species were Escherichia coli and
Enterococcus faecalis, with MICs ranging from 10% to 50%
(v/v). The manuka honey (UMF 10) showed the strongest
antibacterial activity against Staphylococcus aureus (MIC 2.5%)
and Escherichia coli (MIC 10.0%).
As chestnut honey showed the most effective antibacterial
activity, its non-peroxide action was tested on Escherichia coli.
As with the manuka honey, the chestnut honey was first
treated with catalase to eliminate hydrogen peroxide, and
then glucose oxidase activity was determined. After
treatment with catalase, chestnut honey inhibited Escherichia
coli at 50% (v/v), while the MIC of manuka honey was
10% (v/v).
The three fungal species Candida parapsilosis, Candida
tropicalis and Rhodotorula mucilaginosa were inhibited at 50%
honey (v/v), while Aspergillus niger, Candida albicans and
Penicillium chrysogenum were not inhibited by any of the
tested honeys. Cladosporium cladosporoides was inhibited at
10% (v/v). Aureobasidium pullulans and Candida parapsilosis
were inhibited only by chestnut and pasture honey samples.

Discussion
In the present study, six different Slovenian honeys and
manuka honey were investigated for their activities against
selected bacterial and fungal species. The MIC method,
which was used to determine antimicrobial activity, showed
the lowest concentration of honey that prevented visible
growth of bacteria or fungi. The MIC dilution assay revealed
that the microbial inhibition of growth depended on the
floral type, concentration and the pathogen tested.
All tested bacterial species were sensitive to Slovenian
honeys. The greatest antibacterial activity was showed by
the chestnut, fir and forest honeys, which had the lowest
MIC (2.5% [v/v]) for Staphylococcus aureus. This was expected
as a previous report showed excellent activity of manuka
honey against this microorganism (MIC: 2–3%).4 Escherichia
coli and Enterococcus faecalis were more resistant, with the
lowest MICs against these species found with pasture honey.
In summary, the Slovenian honeys with the highest
antibacterial activities were chestnut, fir and forest honeys,
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in descending order of efficacy. Similarly, a previous study30
showed that Anatolian chestnut honey was the most
effective, particularly against Staphylococcus aureus, but also
against Helicobacter pylori, Enterococcus faecalis and Bacillus
subtilis.
A recent study of the antioxidant activities of Slovenian
honeys also demonstrated that dark honeys (e.g., chestnut,
fir and forest) had higher antioxidant activities compared to
lighter honeys (e.g., acacia and lime).46 The data present here
also indicate a strong correlation between the antibacterial
and antioxidant activities of these Slovenian honeys, as has
been shown for honeys in previous studies.12,47
The contribution of hydrogen peroxide activity to
antibacterial activity was also measured for the chestnut and
manuka honey samples. As indicated previously, glucose
oxidase can activate hydrogen peroxide only in diluted
honeys,48 and in both cases the diluted honeys showed
higher activities than the undiluted honeys (data not
shown). After treatment with catalase, the antibacterial
activity of chestnut honey decreased (from 12.5% to 50%
[v/v]), while the MIC of manuka honey remained
unchanged (10% [v/v]). It can be concluded, therefore, that
the antibacterial action of this Slovenian chestnut honey is
mainly due to its peroxide properties, while the manuka
honey had an antibacterial activity that is due to other, nonperoxide, synergistic effects.
In general, antimicrobial activity in various honeys
depends to a great extent on endogenous hydrogen
peroxide content,16 which is determined by the respective
levels of glucose oxidase and catalase. 49 Despite the
characteristics of reactive oxygen species, hydrogen
peroxide plays an important role in promoting wound repair
in human endothelial cells.50 It is also known that honeys
have additional antioxidant capacity, which may regulate
potential free radical production, and this can impact on the
wound healing process.47
The number of fungi involved in human opportunistic
infections has dramatically increased over the past
decade.51–53 Thus, in the present study, the antifungal activity
of the Slovenian honeys was also addressed. An overview of
the literature shows that only a few types of honey,
including Leptospermum honey and some floral honeys from
Turkey, have been tested for their antifungal properties. Irish
et al.42 described significant activities of unprocessed jarrah
and manuka honeys against Candida species, where their
MICs were between 18.5% and 43.1% (w/v), while with
Iranian honeys a Candida sp. was inhibited at 56% (v/v).39
In order to achieve a more comprehensive view of the
potential antifungal effect of Slovenian honeys, in addition
to the usually tested Candida albicans, two additional species
of the same genus (Candida tropicalis and Candida parapsilosis)
were added, along with other widespread opportunistic
pathogenic fungi (Aureobasidium pullulans and Cladosporium
cladosporoides, Aspergillus niger, Penicillium chrysogenum and
Rhodotorula mucilaginosa) (Table 1). The observed antifungal
effects were strongly concentration-dependent, with little
antifungal activity at honey concentrations below 50%.
The most resistant fungal species were Aspergillus niger,
Candida albicans and Penicillium chrysogenum, which grew in
all concentrations of the tested honeys. With Candida
parapsilosis, Candida tropicalis and Rhodotorula mucilaginosa,
there was no growth inhibition up to 50% honey (v/v),
while Cladosporium cladosporoides was inhibited at an MIC of
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10% (v/v). The chestnut and pasture honeys were the only
types to inhibit the growth of Aureobasidium pullulans. With
Penicillium chrysogenum, Candida tropicalis, and Rhodotorula
mucilaginosa, which were isolated from environments with
high osmotic potential, higher resistance was expected.54 Two
fungal species, Candida tropicalis and Rhodotorula
mucilaginosa, were sensitive to high honey concentration,
which indicates the contribution of mechanisms of action
other than high sugar content. Despite these generally low
antifungal activities, the chestnut and pasture honeys were
the most effective, which is supported by Koc et al.,29 who
reported that multifloral honey has a higher antifungal
activity than eucalyptus and orange honeys.
In summary, chestnut honey showed the greatest
antibacterial and antifungal activity, which appears to be
due mainly to its high peroxide content. Undiluted
Slovenian chestnut honey therefore represents a complex,
natural substance with the potential for medicinal
application such as the topical treatment of skin and wound
infections.
5
The authors are grateful to the Ministry of Higher Education,
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